Time Expansion Chamber (TEC)

K. Barish4, S. Bhagavatulas3, S. Botelhos, W.C. Chang?, O. Dietzschs,

C. Da Silva®, T. Ferdousi4, A. Franz?, J. Fried?, S.Y. Fung?, J. Gannon?,
J. Harder?, M. Harvey?, A. Kandasamy?, M.A. Kelley?, A. Khomutnikov?,
D. Kotchetkov4, A. Lebedev3, X.H. Li4, A. Lima deGodois, J. Mahon?,

S. Mioduszewski?, M. Muniruzzaman#, B. Nandi¢, J. Negrin?, E. O’Brien?,
P. O'Connorz, R. Asani?, S. Rankowitz?, M. Rosati, R. Seto?,

E.M. Takaguis, W. Von Achen?, H.Q. Wang*, W. Xie4, X. Zong®

1Academia Sipi€aip€l, Taiwan
2grookhaven National Laboratory, Upton, New York

3Jowa State University
4University of California-Riverside, Riverside, California
5University of San Paulo, San Paulo, Brazil




What is TEC?

Multi Proportional Chamber which
measures radial coordinate

by measuring electron drift time.

A) Track charged particles in the region between ==
RICH and EMCal and provide, in addition to the
Drift and Pad Chambers complete tracking
determination.

B) Identify charged particles by measuring
dE/dX, improve e/pi separation.

C) Improve momentum resolution at
high transverse momenta, and provide
independent Pt measurement.
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Geometry of the TEC

6 chambers per sector/side
(only 4 instrumented in run 2)
each plane has from 415 to 468
80 5-bit adc values in readout wires (twice as many cathode wires)

~20000 readout channels,

each channel.
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How TEC works?
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Electron
clusters

When a charged, particle traverses Tec plapit
ionizes the 9as 4nd Rlectrons from the ionization

start to drift in electric field to anode wires.
Electric filed lines are parallel in the drift region.
Arrival time of electrons is proportional to the
radial position in the drift region where they were
created.

- ad Pl G
S oMo ;mo

= ‘IIII|IIII|IIII|IIII|IIII|IIII|II

10 20 30 20 50 60 70 time bin

. 0. r‘EIHﬂ\\ M M. 4
10 20 30 40 50 60

M I e T e

a0 11 AN En (=11 ™ tmeae hin

- ok [l P
(= I — T R — Ty —]

= ‘IIII|IIII|IIII|IIII|IIII|IIII|II

70 time bin

T
[—=JL I— T R — Ly —]

= ‘IIII|IIII|IIII|IIII|IIII|IIII|II




Electronics chain

From

anode

95 ns preamplifier = Tail cancellation @

Gain x5

Digital Memory Data
Igziasitlaib‘nglo Unit Formatter >
on%erter Data Delay and PHENIX
ﬂ: Buffering format To PHENIX
L1 Data
64 channel EPGA ArcNET Collection
Front-End Data format Board configuration Module
Module Digital parameters
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Timing and mode bits Communication




Sighal sampling

Gain x5
TR
4 channel ADC (TR) 5 bits
Analog
voltage To Digital
28 channel ADC (dE/dx)} |\(/)|en|1£3)lrf/l
Gain x25 Unit
dE/dx

dE/dx signal: 0.2-0.3 keV (MIP in Xe) TR signal: 3-10 keV (X-rays in Xe)

2500

Double counting around anode wire

80 time bins, each bin Y4 of
RHIC clock (approx. 25 ns).
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TEC Tracking - Hough Transform

Example of Hough Transform
from X and Y to Slope and Intersept

Intercept
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TEC uses Hough Transform for
tracking, similar to Drift Chamber
algorithm.

Hits pairs from the same track
have the same slope and intercept
and will form peaks in
slope/intercept space.

Slope and intercept are not the
best variables, because they are
not bound.

Slope




TEC Tracking
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charged particle

Each track has 50-6

“hits” (fired time binS
in one pkan




Tracking Algorithm

Select randoMly hit pairs and plot o and (pfor the lines they fur

Hit pairs on the same track have the same o and @.

A peak in the a—@space indicates a track.
Random selection allows to save time by not using all possible hit pairs.

Hijing event




(wo) x
0y S9% 03 GSt+ 0St G OfFt Getr 0cStr Gev
T 11 _ T T _ T T _ T T _ T 11 _ T T _ T T _ T T _ [T _| OO —. —

Ll

|

L

EE




- 300 - 280 - 200
PFHEHIX Global Coortlinates (cim)

Cwvent # 27
Joommonbufle2 ‘eventdad A EVENTDAT Axxx FE1 0R0OR0Z2826 0000 PRDFF




TEC Perfofmance - Tracking Efficiency

Tracking efficienc%/ wis detdermined by merging
single Simulated tracks and real events wit
single tracks with minimum bias events.
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TEC Perfofmane -- Space Resolution

0.12

g Chiz/ndf=2278/43 Tec space resolution depends on
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TEC dE/dX

Each track has 50-60 dE/dX sampleS; which makes it 300-350 sampleS for 6 planes

Landau fluctuations are removed by truncation. Optimum truncation is apprx. 50%.
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TEC Performance — dE/dX in Run 2

| pion dEfdx vs mom |prul:un dE/dx vs mom
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*Studied by X.H. Li | run 2 dE/dX resolution was rather bad because of
low gain and only 4 active plase
In run 3 with all 6 planes active and TRD upgrade
we expect better results.




Improvind Momentum Resolution

TEC provideS direction
vector at large radius -

450 cm, which allows

to improve momentum
reconstruction at high Pt.
At low Pt multiple scattering
makes this impossible.

Not yet implemented in
data analysis.

Simulation prediction
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Transverse Momentum Reconstruction

YA « bending angle

o charged particle

TEC Pt is inversly proportional
to the bending angle alpha.

v) ¢ Approximately: p,= 1/(21.5%q)

TEC momentum resolution:

498+5.5%*p,




Transverse momentum spectra in Run 1
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Transverse momentum spectra of
charged hadrons obtained exclusively
from TEC tracks match with the results
from the PHENIX Drift Chamber tracks.

Black: Drift Chamber

Blue and Red: Time Expansion Chamber




TRD Upgrade in Run 3 — What is TR?

adiation is emitted when a relativistic charged particle
{raosioy mundary%etween wo diclectric media with different

dlelectrlc constants.

TR becomes usefull when particle Lorentz-factor becomes greater
than approx. 1000. In this case emitted photons are in X-ray range
(several keV) and can be detecded by, e.g. Proportional chamber.

In a very broad momentum range (from approx. 1 to 100 GeV) TR
is emitted only by electrons.

Typical TRD cosists of a radiator (dielectric fiols, fibers or foam)
and X-ray detector (TEC in PHENIX).




TRD Upgrade — How TRD works?

charged track
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Radiator Insert

adiator: LRP 375 BK 600 17 micron polypropylen€
ﬁaers (dren5|ty 650 70 mg/ cm RL = t?g /cm?)

Stiffener: Rohacell IG51 (density 52 mg/cm’, RL = 41 g/cm?)

TRD radiator will add a little less than 1% of radiation length
per TEC/TRD plane.

Wires 0.6 cm

Drift space 3.0cm

Radiator 5.0 cm
Stiffener 0.635 cm

I




TR Signal
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TRD Upgrade - Simulation Predictions
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